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The present invention relates to an objective lens driving apparatus used in an optical disk apparatus provided with 
a viscoelastic substance. 

Optical disk apparatuses, for use as optical information processing apparatuses, are characterized by their infor- 
mation storage capacities much greater than those of conventional magnetic recording apparatuses, and are presently 
used in various fields of application. Principally, these optical disk apparatuses have modern technical problems that 
they should be able to access desired information quickly and accurately, and to offer the information to users without 

de ' a !n order to accurately access recorded information on an optical disk with speed, an objective lens for accurately 
applying a light beam from a light source, such as a semiconductor laser, to a predetermined position on the disk must 
first be quickly driven in the focusing or tracking direction of the disk. Many technical improvements have already been 
made on electromagnetic drive elements (e.g.. voice-coil motor formed of a coil and a magnetic circuit) for driving the 
objective lens, so that the lens can enjoy a sufficient driving force. 

On the other hand, the objective lens, which can be moved by means of such a sufficient driving force, must be 
positioned (or stopped) quickly and accurately at a predetermined position. This is a second requirement for the quick 
and accurate access to the information on the optical disk. More specifically, fine residual vibrations produced in the 
objective lens must be removed for the quick and accurate positioning of the lens. As regards this requirement, however, 
there still is much room for improvement, and various investigations are presently being made on the removal of fine 

Vlbra According to one of conventional methods for removing fine vibrations of the objective lens, a magnetic fluid is 
interposed between a coil on the movable side and a magnetic circuit on the fixed side. Such an arrangement is disclosed 
in Japanese Patent Application Publication No. 58-9224 which is considered to represent the closest prior art. 

In this arrangement, the viscosity resistance of the magnetic fluid accelerates a damping effect between movable 
and fixed parts, so that fine vibrations of the movable part can be absorbed at once. Due to the influence of a magnetic 
field generated by the magnetic circuit, moreover, the magnetic fluid can stay in magnetic gaps, so that the damping 
effect can be maintained for a long period of time. 

Using the magnetic fluid, however, a conventional objective lens driving apparatus has the following problems. Since 
the magnetic fluid has a very great surface tension, it will gradually escape from the magnetic gaps if the gaps are 
relatively long. Moreover, the fluid may possibly evaporate or scatter during the operation of the optical disk apparatus. 
During prolonged use, therefore, the magnetic fluid is also likely to escape gradually from the magnetic gaps. Such an 
escape of the magnetic fluid is also attributable to a relatively small magnetic force of the magnetic circuit which is 
designed for the drive of the objective lens. 

Thus with use of the magnetic fluid, a prolonged, steady vibration damping effect cannot be expected. Since the 
viscosity of the magnetic fluid greatly changes depending on a temperature change, furthermore, the vibration damping 
effect also changes. It is therefore difficult to use the magnetic fluid within a practical range of working temperature (-1 5 
to + 60 6 C). Thus, the objective lens driving apparatus cannot easily effect control for the quick and accurate access to 
the target information. 

The use of ferromagnetic viscoelastic material to reduce vibration between pipes in on wells is known from SU 

121 Agamic absorber device which includes a viscoelastic link element for absorbing vibration in disk drives is dis- 
closed in GB-A-21 79421. 

A support for a lens assembly having flexible wire elements to prevent the assembly tilting during tracking and 
focusing is described in WO-A-B804821. 

The present invention has been contrived in consideration of these circumstances, and its ob)ect is to provide a 
viscoelastic substance and an objective lens driving apparatus which facilitates control for a quick and accurate access 
to target information. 

In order to achieve the above object, according to the present invention, there is provided a magnetic driving ap- 
paratus which comprises: a fixed portion; movable portion movable relatively to the fixed portion; magnetic field forming 
means for applying a magnetic field to the movable portion so as to control the movement of the movable portion; and 
vibration absorbing means arranged between the movable portion and the fixed portion, for absorbing vibration of the 
movable portion, said absorbing means being a viscoelastic substance arranged in the magnetic field and having mag- 
netic material dispersed in the substance; characterized in that said substance is a gel. 

According to the objective lens driving apparatus constructed in this manner, the use of the viscoelastic substance 
not only produces a great damping effect, but also leads to an improvement in hysteretic characteristic orthe relationship 
between force and displacement. Thus, a prolonged, steady vibration damping effect can be expected, and control for 
a quick and accurate access to target information is facilitated. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
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the accompanying drawings, in which: 



Pica 1 » 6B Show an ob]ed»e lens driving »pa»U,a according « a lira, ambodhnant o, .ha p.aa.n. M« > 
^hR, 1 i..p B nvlo, rrrs P,, 2 i.^ 

SMS 

ptr^pCc^^^^^^ 

F £,,is a perapac.iva,i.w<*anc«oc t ^ 
40, h^ 3 ia .ix.d ,0 ^ ,X™r6h°S »• *. anci.a ,o ,ha 

focusing coils 9a and ^ 

rr,nr;r;:a^^^^ 
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Y-axis. Thereupon, objective lens 1 can be subjected to tracking control. By positioning lens 1 in this manner, a target 
information track of optical disk D can be ^~ s ^ coj|s ^ between the (ocusing coi | and the 

"T? T£ZZ Fio 4B S S t^S^S^JTSS^. so that the stable oosKiona. relationships 
apphed), as shown ^ ^Vbraken Se viscoelastic substances are subjected not only to a restoring force 

■■■■ 

Sevens drrving apparatus shown in Figs. 1 to 3. Table 1 shows testmg condHons. * 



Table 1 



Viscoelastic Substances : 


YE5818 (Toshiba Silicone Co., Ltd) 


Magnetic Particles: 


Barium ferrite 


Rate of Dispersion of Magnetic Particles: 


1 % by weight 


Room Temperature: 


23° C 


Humidity: 


35% 
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am rfistiosed between me coils and the magnetic 

withthecoilswHhoutanytrouble^ 

circuit, they may alternatively be disposed with the ^ m .^ esu ^ over the i iscoe | aS tic substances may be magnetized 
subjected lo magnetism, as mentioned In this case, the viscoelastic substances can 

before they are arranged between ob|ects ^^*J2m™W* are subjected to magnetism, 
produce the aforesaid effects without J2^^£S^S a second embodiment of the present invent^ 
Figs. 7 to 9 show an objective lens dnv.ng appa r ^ ac^ja g supP orting the lenses, .s held by 

Objectle lens unit 21, which includes a p ural.ty ^ ^ ^ on and a cubic housing. Two trackmg 
me Lns of movable member 22 which Wud-aqJ ^^^^^te.. rt m«^22. Fa ^ each h 

Springs (leaf springs) 23a and 23b are fixed nMMfto two oppos.t 22 js , 

other springs 23a and 23b extend parallel to the optical hna . « .e 23fa ^ ^ to ^ jns(de Qf f 24 . 

°o.,ow intermediate frame 24. and 1. ^ X" can'S relatively to intermediate frame 24 in the tracking 
Member 22 is supported by springs 23a and 23 b so hal « tcani mo sprjngs (|ea{ spnngs) 2 s, 

Section (X-direction) which intersects the ^^i^S^meuppwartto^^^-th-*^ 
which extend para.le.to one another^ 

side faces of movable member 22. Each straight portions 28a and 2Eb. respectively, of each 

TO, gaps bawaen «*^^J^S2^SL>e 14 contains magnet* partdea 

effecting playback operation. , reflect ed by mirror 35, and is transmitted through 

disk Dean be read. „ arr nr in the condition of application of the laser beam, compared with 

.ntheplaybackoperationdescribedabove^aner^ 
an ideal condition, is detected by processing ^^^^mundlacba driver circuit. When electric current flows 
Sinai is transmitted to focusing coil 31 and tracking coils 28J by ^eansot a co jon an electrornag net,c force 

S^irectic, through fccusingcoi.31.1^ 

produced between this current and magneto Tie tt ^directed from P on ^ fecord surf ace 

«, Ler beam radiated from objects lens unn^ 

of optical disk D. When currentflows in the Y-dMrtor ^nroug a i~ ^ ^ currept and etic field s 

member 22 is dr^ 

in the objective lens driving apparatus accord.ng to the present em ^ ^ ^ ^ than ^ of 

substance 14, for use as a damping material, . 14 , m0 reover. produces a unique effect such 
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sue a novel property o- viseoefcstie M. 14 can rnWrn*. ^ Jj-jj^J- ^ ^ «-»M£ 
high-speed, high-accuracy control. embodiment of the present invention. In the 

22S^EKr3==3S^S£ 

a pair of tracking coils 45 arranged symmetncally wrth respect t S fKJ movable member 42 is 
wound in the form of a rectangular frame araundan ^'XTth^ 

connected to base 46 by means of elastic '^^^^^S^*^ - ob i ective ,ens 41 - is 

magnetic circuit which is formed of permanent rna^ 
the operation, so ma.^^^^^ 

apparatus of this embodiment is constructed so that movabie "T^^^^^^L according to the 

66 to w«* miotic lot. is applied by means ot a magnate o»ou •^JJJ^Ti ^L., arel P out e, yokes 
y „ kM 67,apa,,o,«.,yo^ 

protruding trom base 66. Unless the ° TJ " vib , alior ; ara p roduca d during the dnve in the recusing 

sr^rrnSt^ 

>astle™..«.nd.hem = 
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apparatus. .. can constttute a general vibration-proof apparatus if . is disposed between two or more objects w 
displaced differently. 



1 . A magnetic driving apparatus comprising: 
a fixed portion (7,8); 



a fixed portion [f.uy, 

stance is a gel. 
, An w a,a, u8 acting .= *«. ,. * —J- 

lens in a predetermined direction with respect to an optical disk. 
3. An.ppa^acc^g.oci.^.chan*™^ 

magnetic field forming means. 

drive the movable member along the optical axis, 
movable member to rotate around the central axis, 
the first yoke. 

XSEXoS **«■•" «ch said sacond coil and aaeh aa,d n»agn.t. 

tecSad by diaparaing lha magnatic mawial (15) in ,««coua matanalto gal- 
,,.M.ppa,.,a,,ceo*g.= anyona 0 .c. a i m sU^^^ 



,14b,14) 
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substance whose modulus of elasticity irreversibly changes depending on a temperature change. 

1 to 9, characterized in that said viscoelastic substance (14a.14b.14) 



12. An apparatus according to any one of claims 
is electrically nonconductive. 



is adhesive. 



io a gel consisting mainly of silicone. 

Patentanspruche 

is 1. Magnetansteuergerat mit: 
einem festen Teil (7, 8), 

einem beweglichen Tei. (2). der bezuglich des festen Teiles (7, 8) beweglich ist, 

einer Magnetfeidbildungseinrichtung zum An.egen eines Magnetfeldes an den beweglichen Tei, (2), urn die 
Bewegung des beweglichen Teiles (2) zu steuem, und 

m. zum Abso-biaran alnar 8M«q(W ^^T]^±^STJm am Magnatnvaanal (15) hat, das 

(1 ). dman dan, ba*.g«ehan Glled gM» * ^ * «w 1 am MagnetoW an dia Spul. zu lagan 
ben. 

45 e. Sa^^S.dadu^nnza^ 

,ung.u, aina Ba«agun 9 langs ^='f^" i za'da op iscnan Achaa da, OniaMMInaa 

* ,. 3.*nacb^ 7 ,d.*-*g. k —^ 
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(14a 14b HlzwischendererstenSpuleunddemerstenJochangeordnetist. 

Jochen (13a, 13b, 69), die einzeln an der ^^^SSSn ( 3a, 13b, 68), dfeainze.n an den zwetten 
entsprechend hierzu gegenuberliegen. und em Paar von M^MnT > ^ Spule und 

=r e ;?e^ suS,anz ^ i4b - u) zwischen ieder 

zwetten Spule und jedem Magnet angeordnet ist. 
ist. 

14) elektrisch nicht leitend ist. 

14) ein Haft- oder Klebmittel ist. 

„. 0et41 «* eine. » 1 » ?■ - * — " SUM,mZ "* '* 

14) ein Gel ist, das hauptsachlich aus Stlicum bzw. Silicon besteht. 

25 

Revendications 

1 . Dispositit d'entraTnement magn6tique comprenant: 

S&»srrs- — — 

terise en ce que ladite substance est un gel. 

. , ^^^^^^^^^^^^^ 

magnetique. 
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que ladite bobine englobe une premiere bobine (9a, 9b, 31 , 44, 64) enroulee autour d'un a»g parallele a I'axe optique 
de ladite lentille d'objectif et destinee a entratner relement mobile le long de I'axe optique. 

7. Dispositif selon la revendication 6, caracterise en ce que ledit element mobile (2, 22, 42, 62) est supports par le 
s moyen de support de sorte a pouvoir tourner autour d'un axe central parallele a I'axe optique, et en ce que ladite 

bobine englobe une paire de deuxiemes bobines (10a, 10b. 28, 45, 65) agencees symetriquement par rapport a 
I'axe central et destinees a entratner la rotation de I'element mobile autour de I'axe central. 

8. Dispositif selon la revendication 7, caracterise en ce que ledit moyen de formation du champ magnetique englobe 
w une premiere culasse (11a, 11b, 67) fixee a la base (8, 66) et traversal la premiere bobine (9a, 9b, 65), un espace 

predetermine etant menage entre la premiere bobine et la premiere culasse, ladite substance viscoelastique (14a, 
14b, 14) etant agencee entre la premiere bobine et la premiere culasse. 

9. Dispositif selon la revendication 8, caracterise en ce que ledit moyen de formation du champ magnetique englobe 
is une paire de deuxiemes culasses (1 3a, 1 3b, 69) fixees individuellement a la base (8, 66) et faisant face aux deuxie- 
mes bobines (10a, 10b, 65) qui y correspondent, une paire d'aimants (13a, 13b, 68) fixes individuellement aux 
deuxiemes culasses et faisant face aux deuxiemes bobines, un espace predetermine etant menage entre chacune 
desdites deuxiemes bobines et chacun desdrts aimants, ladite substance viscoelastique (14a, 14b, 14) etant agen- 
cee entre chacune desdites deuxiemes bobines et chacun desdits aimants. 

20 

10 Dispositif selon I'une quelconque des revendications 1 a 9, caracterise en ce que ladite-substance viscoelastique 
(14a, 14b, 14) est produite par dispersion du materiau magnetique (15) dans un material visqueux pour former un 
gel. 

ss 11. Dispositif selon I'une quelconque des revendications 1 a 9, caracterise en ce que ladite substance viscoelastique 
(14a, 14b, 14) est une substance dont le module d'elasticite change irreversiblement en fonction d'un changement 
de temperature. 

12. Dispositif selon I'une quelconque des revendications 1 a 9, caracterise en ce que ladite substance viscoelastique 
30 (14a, 14b, 14) n'est pas electroconductrice. 

13. Dispositif selon I'une quelconque des revendications 1 a 9, caracterise en ce que ladite substance viscoelastique 
(14a, 14b, 14) est adhesive. 

35 14. Dispositif selon I'une quelconque des revendications 1 a 9, caracterise en ce que ladite substance viscoelastique 
(14a, 14b, 14) est un gel compose essentiellement de silicone. 
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